In vitro RNA synthesis is catalyzed by an enzyme found in purified virions of each of nine influenza strains tested. The extent of ['HJUTP incorporation observed is strain dependent, with an obligate requirement for Mn'+ ions and RNA template. At least 30% of purified product RNA shows resistance to degradation by ribonuclease A and Ti before and after annealing with exogenous RNA from influenza virions.
Correction. In the article "Fatty Acid Synthetase Activity in Mycobacterium phlei: Regulation by Polysaccharides," by M. Ilton Infection of permissive animal cells with influenza virus results in the appearance of an RNA-dependent RNA polymerase (RNA nucleotidyltransferase EC 2.7.7.6) associated with microsomal and nuclear cell fractions (1) . It is now established that RNA polymerase activity with a similar template dependence is structurally associated with purified particles of reovirus (2) Viruses. The myxovirus strains listed in Table 2 were used in this study, as well as vesicular stomatitis virus (Indiana strain). The sources of these viruses and their propagation in embryonated eggs or primary cultures of chick-embryo fibroblasts has been described (7, 8) . Influenza A, strain BEL, was provided by Dr. W. G. Laver.
Virus Purification. The method of Pons and Hirst (9) was used with slight modifications. Crude virus pools (250-500 ml), freed of gross cellular debris, were initially clarified by centrifugation at 10,000 X g for 10 min; virus was subsequently pelleted in a Spinco 42 rotor for 30 min at 95,500 X g. All further steps were as described (9) . Purified influenza virus stocks in Trisc HCl buffer usually contained 1-2 mg of viral protein per ml [Lowry determination (10) ] and a minimum of 106 hemagglutinating units per ml as measured by standard methods (7). Vesicular stomatitis virus was purified by a similar procedure (manuscript in preparation). All purified virus preparations were stored at 40 C or in a -70°C freezer.
Preparation of Subviral Particles. Viral "cores" t, stripped of surface glycoproteins, were obtained by the technique of Schulze (11) . A purified suspension of WSN influenza virus, containing 105.1 hemagglutinating units, was treated with chymotrypsin (1 mg/ml) for 15 hr at 370C. Fractions of chymotrypsin-resistant particles were collected from glycerol gradients, passed through Sephadex G-50 columns to remove glycerol, and concentrated by sedimentation at 100,000 X g for lhr.
RNA Polymerase A ssays. The reaction mixture and conditions used for enzyme assay is described in the legend for Table 1 . The method used for assay of RNA polymerase activity found in vesicular stomatitis virus has been described (4). C13CCOOH, saturated sodium pyrophosphate, and Na3PO4 solutions). After incubation at 4VC for 10 min or longer, precipitates were collected on Bac-T-flex membranes (Schleicher and Schuell, Inc.) and washed with 50 ml of cold 5% C16CCOOH, followed by 20 ml of cold 95% ethanol. Membranes were dried and counted for radioactivity in a Packard 3320 liquid scintillation spectrometer in 10 ml of a toluene cocktail containing 0.4% 2,5-diphenyloxazole and 0.02% dimethyl 1,4-bis[2-(4-methyl-5-phenyloxazolyl)]-benzene. All values were corrected for the background radioactivity in unincubated reaction mixtures, which never exceeded 50 cpm.
RESULTS
Effect of Metal Ions. Mn2+ ions are absolutely required (Fig. 1A) , in a concentration from 1.9 to 7.5 mM. Both Mn2+ and Mg2+ ions, at concentrations of 15 mM or higher, effectively block [3H]UTP incorporation ( Fig. 1A and B) . The data presented in Fig. 2 show that optimal conditions for detection of RNA polymerase activity in influenza virions are not suitable for demonstrating similar activity with vesicular stomatitis virus (VSV), which is inhibited by Mn2+ ions.
Relative Enzyme Activity of Purified Virus before and after Freezing. The polymerase activity of freshly prepared virus was compared with that of stocks taken from frozen storage since variable requirements have been reported for DNA polymerase activity among different RNA tumor viruses with respect to the type of preparation used [Spiegelman et al. (5) ]. It was found that highest enzyme activity was associated with unfrozen stocks of WSN virus which, if tested fresh, required a higher detergent concentration, presumably to effectively disrupt virions (Fig. 3) Table 2 ). The relatively high incorporation consistently observed in many tests with the WS strain is regarded as a genetic attribute of the virus. There was no apparent correlation between relative enzyme activity and other viral properties.
Location of enzyme activity in the virion
We have confirmed the recent observation of Schulze (11) that extensive treatment of WSN influenza virus with chymotrypsin removes all surface glycoprotein components concomitant with a loss of sialidase activity, hemagglutinating capacity, and viral infectivity (data not shown). When such viral "cores" were tested for RNA polymerase, they were (11) for 15 hr. Untreated intact virus (circl) and chymotrypsinresistant "cores" (triangles) were tested under standard conditions (Table 1) found to possess an activity below that of intact virions (Fig.  4) . These data suggest that the enzyme that catalyzes incorporation of [3H ]UTP is internally situated in influenza virions.
Preliminary characterization of the enzyme product Two approaches were used to study the nature of the in vitro product.
Resistance to Ribonuclease Digestion. 45 to 52% of the product synthesized during a 2-hr incubation with WSN virus in a standard reaction mixture was not degraded by ribonuclease A (Fig. 5) .
Hybridization of Deproteinized RNA Product with Virion RNA. The ability of purified product RNA to anneal with RNA extracted from influenza virus was examined, using the WS strain to synthesize in vitro product (Table 3) . We found that 30% of the product RNA was resistant to the combined effect of ribonuclease A and T1. It has not been determined whether treatment of crude product (total reaction mixture)
shows this lower amount of resistance when treated with both enzymes. This resistance was largely abolished if product Proc. Nat. Acad. Sci. USA 68 (1971) RNA was rapidly cooled after heating, whereas it was restored by annealing with added unlabeled RNA of the WS or WSN strains. The extent of annealing obtained is considered minimal, since the heating conditions used (Table 3) are known to damage influenza RNA (12) . Product RNA did not anneal significantly with various heterologous RNAs. We conclude that virion-associated enzyme catalyzes the incorporation of nucleoside triphosphates into RNase-resistant and RNase-sensitive products, including at least 15% of which is RNA complementary to the base sequence of virion RNA.
DISCUSSION
Evidence has been presented that an RNA polymerase physically located in the chymotrypsin-resistant "core" (11) (4) , the influenza polymerase catalyzes the formation of a large amount of ribonuclease-resistant product (Fig. 5) . It is possible that more than one virion-associated enzyme is involved in the synthesis of these products.
Failure to detect RNA polymerase activity in the paramyxovirus, Newcastle disease virus, may simply be due to lack of proper assay conditions or, alternatively, the suggested presence of negative-strand RNA (messenger?) (13) in this virus may preclude the necessity for a virion-specific polymerase. This leads to the important question of whether the functional RNA polymerase detected in influenza virus particles is essential for initiation of a productive infection bycarrier virions, or whether it only represents enzyme molecules After they were heated at 120'C for 2 min, the mixtures were slowly cooled to 680C and held at this temperature for 15 hr.
After they were cooled to room temperature, all samples were diluted to 1 ml in STE buffer (9) and divided into equal fractions, one of which was treated with 10 lxg of RNase A and 1 ug of RNase T1 (15 min at 370C). Acid precipitation and counting of radioactivity were as described in Table 1. fortuitously "trapped" in association with the viral ribonucleoprotein at the time of viral maturation. Our recent finding (Chow and Simpson, in preparation) that incomplete ("Von Magnus") influenza-virus preparations have both greatly diminished infectivity and in vitro polymerase activity would favor the first interpretation. Finally, we can also report that the amount of enzyme activity observed among different strains of influenza virus is a phenotypic expression of the viral genome since genetic recombination occurs for this property (Simpson and Chow, in preparation).
